The taxonomic position of three bacterial strains, Asr22-19 T , NBRC 101035 and NBRC 101041, isolated from shellfish in Japan, was determined by using a polyphasic taxonomic approach. The strains were facultatively anaerobic, motile by gliding and Gram-staining-negative slender rods. Their major respiratory quinone was menaquinone-7 and their predominant cellular fatty acids were iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH, C 16 : 0 3-OH, and C 16 : 0 . The G+C content of the genomic DNA was 42. The genus Persicobacter, belonging to the family 'Flammeovirgaceae' of the phylum Bacteroidetes (Garrity & Holt, 2001), was described by Nakagawa et al. (1997) to accommodate the misclassified species [Cytophaga] diffluens. The genus still consists of the single species Persicobacter diffluens, a Gram-staining-negative, facultatively anaerobic, gliding, pink to orange-pigmented marine bacterium possessing menaquinone-7 (MK-7). Strain T was isolated from a shellfish, the Japanese littleneck, Ruditapes philippinarum, collected from Kyonan, Chiba Prefecture, Japan, in 2005. The procedures used for isolation have been described previously (Iino et al., 2007) . Analysis of 16S rRNA gene sequences showed that the new isolate was closely related to two strains previously deposited in the NBRC collection (NBRC 101035 and NBRC 101041) and that all three strains belonged to the genus Persicobacter. Strains NBRC 101035 and NBRC 101041 had both been isolated from shellfish, Acanthopleura japonica and Cellana toreuma, respectively, collected from Misaki, Kanagawa Prefecture, Japan. In this paper, a taxonomic study of strains Asr22-19 T , NBRC 101035 and NBRC 101041 is described.
differentiated from Persicobacter diffluens by several phenotypic characteristics. On the basis of these results, the novel species Persicobacter psychrovividus sp. nov. (type strain T 5NBRC 101262 T 5CIP 109100 T ) is proposed and emended descriptions are given for the genus Persicobacter and for Persicobacter diffluens.
The genus Persicobacter, belonging to the family 'Flammeovirgaceae' of the phylum Bacteroidetes (Garrity & Holt, 2001) , was described by Nakagawa et al. (1997) to accommodate the misclassified species [Cytophaga] diffluens. The genus still consists of the single species Persicobacter diffluens, a Gram-staining-negative, facultatively anaerobic, gliding, pink to orange-pigmented marine bacterium possessing menaquinone-7 (MK-7). Strain T was isolated from a shellfish, the Japanese littleneck, Ruditapes philippinarum, collected from Kyonan, Chiba Prefecture, Japan, in 2005. The procedures used for isolation have been described previously (Iino et al., 2007) . Analysis of 16S rRNA gene sequences showed that the new isolate was closely related to two strains previously deposited in the NBRC collection (NBRC 101035 and NBRC 101041) and that all three strains belonged to the genus Persicobacter. Strains NBRC 101035 and NBRC 101041 had both been isolated from shellfish, Acanthopleura japonica and Cellana toreuma, respectively, collected from Misaki, Kanagawa Prefecture, Japan. In this paper, a taxonomic study of strains , NBRC 101035 and NBRC 101041 is described.
Genomic DNA extraction and 16S rRNA gene sequencing were performed as previously described (Nakagawa et al., 2002) . The sequences obtained were aligned with those of representative members of the family 'Flammeovirgaceae' by using CLUSTAL_X (Thompson et al., 1997) and then modified manually by referring to the 16S rRNA secondary structure of Escherichia coli (Gutell et al., 1994) and using the BioEdit sequence alignment editor (http://www.mbio. ncsu.edu/BioEdit/bioedit.html). A phylogenetic tree was constructed by the neighbour-joining method (Saitou & Nei, 1987) with calculated K nuc values (Kimura, 1980) . The topology of the tree was evaluated by the bootstrap analysis method of Felsenstein (1985) with 1000 replicates. The almost complete sequence of the 16S rRNA gene from position 28 to 1494, according to the Escherichia coli numbering system (Brosius et al., 1978) , was determined for P. diffluens strains NBRC 15940 T and NBRC 15972 and for strains T , NBRC 101035 and NBRC 101041. Analysis of the 16S rRNA gene sequences of the three isolates from shellfish showed that they clustered with 3These authors contributed equally to this work. 4Present address: Japan Collection of Microorganisms, RIKEN BioResource Center, Saitama, Japan.
The GenBank/EMBL/DDBJ accession numbers for the 16S rRNA gene sequences of Persicobacter diffluens NBRC 15940 T and NBRC 15972 are AB260929 and AB260930, respectively. Those of Persicobacter psychrovividus strains Persicobacter diffluens within the family 'Flammeovirgaceae' (Fig. 1) . The topology of the tree obtained using the maximum-parsimony method with PAUP 4.0b10 (Swofford, 2002) was essentially similar to that of the neighbourjoining tree (data not shown). The 16S rRNA gene sequences of P. diffluens NBRC 15940 T and NBRC 15972 were identical and those of strains T , NBRC 101035 and NBRC 101041 were also identical. Sequence similarity between strain Asr22-19 T and P. diffluens NBRC 15940 T was 98.3 %. To confirm that the three isolates from shellfish constituted a separate species, DNA-DNA hybridization experiments were performed using photobiotinlabelled probes in microplate wells as described by Ezaki et al. (1989) . The hybridization temperature was 51.7 u C in 26SSC buffer containing 25 % formamide. The three strains represented a single species as their DNA-DNA relatedness values ranged from 68 to 100 % when strain T was used as the probe. In contrast, the three strains exhibited 18-28 % DNA-DNA relatedness with P. diffluens strains NBRC 15940
T and NBRC 15972. These results demonstrate that P. diffluens and the three isolates from shellfish constitute two separate species.
The following chemotaxonomic and phenotypic tests were performed on all five strains (two strains of P. diffluens and the three novel isolates). The DNA G+C contents were determined according to Mesbah et al. (1989) . The values obtained for strains T , NBRC 101035 and NBRC 101041 were 42.7, 42.0 and 42.4 mol% and those determined in this study for P. diffluens strains NBRC 15940 T and NBRC 15972 were 43.8 and 42.6 mol%, respectively. For whole-cell fatty acid analysis, all five strains were grown on Bacto marine agar 2216 (MA; Difco) at 25 u C for 24 h. Fatty acid methyl esters were prepared and analysed according to the standard protocol of the Microbial Identification System (Microbial ID). All strains showed similar fatty acid profiles in which iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH, C 16 : 0 3-OH, and C 16 : 0 were the dominant components (.5 % of the total fatty acids) ( Table 1) . Respiratory quinones were extracted according to Nakagawa & Yamasato (1993) and determined by using LC-MS (8000a; Shimadzu). Menaquinone 7 was the major respiratory quinone in all strains. Using the bathochromic shift test in the presence of 20 % (w/v) KOH (Fautz & Reichenbach, 1980) , flexirubin-type pigments were not detected in any strain. Carotenoid pigments were extracted as described by Schmidt et al. (1994) and their light absorption spectra were investigated by using a UV-visible spectrophotometer (UV-1650PC; Shimadzu). P. diffluens NBRC 15940
T had previously been reported to contain saproxanthin (Reichenbach, 1989) . In this study, the major carotenoid pigment of all five strains, including P. diffluens NBRC 15940
T , was identified as saproxanthin since their spectra were identical. It has been previously reported that spermidine is the major polyamine in P. diffluens NBRC 15940
T (Nakagawa et al., 1997) . When cellular polyamines were prepared and analysed in this study according to the methods of Hamana et al. (1995) , all five strains possessed spermidine as the major polyamine.
Gliding motility was determined as described by Perry (1973) . Anaerobic growth on MA was assessed by using the Anaeropack system (Mitsubishi Gas Chemical) at 30 u C for two weeks. The ability of the strains to degrade agar, alginic acid, casein, crystalline cellulose (i.e. filter paper), carboxymethylcellulose, chitin, DNA, inulin, aesculin, gelatin, starch, Tween 80, tyrosine and urea was investigated according to the methods of Lewin & Lounsbery (1969) , Smibert & Krieg (1981) and Barrow & Feltham (1993) with media prepared with Daigo's artificial seawater SP (Wako Pure Chemicals). The production of indole and H 2 S and the activities of oxidase, urease and nitrate reductase were also examined as described by Smibert & Krieg (1981) . Growth at 5-45 uC (at 5 uC intervals) and at pH 3-11 (at 1 pH unit intervals) was assessed in 0.26LBM broth (Suzuki et al., 2001) . The ability to metabolize 95 different carbon sources was examined by using GN2 Microplates (Biolog) with the method modified for marine bacteria as described by Rüger & Krambeck (1994) . Acid production from various carbon sources was determined by using API 50CH strips (bioMérieux) and a medium composed of 50 % CHB/E medium and 50 % artificial seawater (Lau , 2005) . Sensitivity to antibiotics was tested on MA at 30 u C for 12 days using the following discs (Kirby-Bauer SN DISC, Nissui Pharmaceuticals): ampicillin (10 mg), bacitracin (10 mg), benzylpenicillin (10 U), carbenicillin (30 mg), chloramphenicol (30 mg), colistin sulfate (10 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), lincomycin (2 mg), nalidixic acid (30 mg), neomycin (30 mg), nitrofurantoin (300 mg), novobiocin (30 mg), oleandomycin (15 mg), polymyxin B (300 U), streptomycin (10 mg), and tetracycline (30 mg). The phenotypic characteristics of the novel isolates from shellfish are given in the species description and in Tables 1 and 2. Supplementary Table S1 (available in IJSEM Online) lists the strain-dependent features.
As shown by the phenotypic data and the phylogenetic inference resulting from this study, the three isolates from shellfish represent a novel species of the genus Persicobacter for which the name Persicobacter psychrovividus sp. nov. is proposed. Members of the genus Persicobacter were originally described as oxidase-positive, catalase-negative and strictly aerobic organisms. However, this study revealed that members of the genus Persicobacter actually produce catalase, but not oxidase, and can grow weakly under anaerobic conditions. On the basis of these results and of a number of additional phenotypic characteristics, emended descriptions of the genus Persicobacter and of Persicobacter diffluens are also proposed.
Emended description of the genus Persicobacter Nakagawa et al. 1997
Persicobacter (Per.si.co.bac9ter. Gr. n. persikos or persikon peach; N.L. masc. n. bacter rod; N.L. masc. n. Persicobacter peach rod, because the organism is a peach-coloured rod).
The genus description is as given by Nakagawa et al. (1997) with the following changes. Cells are Gram-stainingnegative, non-spore-forming, slender rods that are motile by gliding. Facultatively anaerobic and chemoorganotrophic. Colonies are spreading and produce large gelase Carboxymethylcellulose
42.6-43.8 42.0-42.7
Taxonomy of the genus Persicobacter fields and deep craters in agar plates. Saproxanthin is present as the major carotenoid pigment. Flexirubin-type pigments are absent. Oxidase-and urease-negative. Strongly or weakly catalase-positive. The predominant cellular fatty acids are iso-C 15 : 0 and iso-C 17 : 0 3-OH. Seawater or NaCl is required for growth. The type species is Persicobacter diffluens.
Emended description of Persicobacter diffluens Nakagawa et al. 1997 Displays the following properties in addition to those given in the genus description. Cells grown on Bacto marine agar at 30 u C for 3-9 days are 0.9-30 mm in length and 0.4-0.5 mm in diameter. The cell mass is pink to orange. Growth occurs at 15-40 u C with an optimum at 30-35 u C. The pH range for growth is pH 6-11 with an optimum at pH 7.0. Growth occurs in the presence of 1-5 % NaCl with an optimum at 3 %. Some strains can grow at 45 u C, at pH 3 or with 7 % NaCl. Displays the following properties in addition to those given in the genus description. Cells grown on Bacto marine agar at 25 uC for 3-9 days are 0.9-6 mm in length and 0.4-0.6 mm in diameter. The cell mass is orange. Growth occurs at 5-45 u C with an optimum temperature of 25 u C.
The pH range for growth is pH 3-11 with an optimum at pH 7.0. Growth occurs in the presence of 1-7 % NaCl (w/v) with an optimum at 5 %. Catalase-positive or weakly catalase-positive. Nitrate is reduced. H 2 S and indole are not produced. Agar, alginate, aesculin, gelatin, chitin and Tween 80 are degraded, but crystalline cellulose (i.e. filter paper), carboxymethylcellulose, yeast cells and tyrosine are not degraded. Starch is weakly degraded. The following carbon sources are assimilated in the Biolog GN2 MicroPlate: N-acetyl-D-glucosamine, L-asparagine, acyclodextrin, dextrin, D-galactose, gentiobiose, a-D-glucose, L-glutamic acid, glycogen, glycyl L-aspartic acid, glycyl L-glutamic acid, D,L-lactic acid, a-D-lactose, maltose, Dmannose, L-threonine and D-trehalose. L-Alanine, L-alanyl glycine, L-aspartic acid, cellobiose, a-ketobutyric acid and lactulose are assimilated or weakly assimilated. L-Fucose and glucose 1-phosphate are not assimilated. In the API 50CH system, acid is produced from N-acetylglucosamine, amygdalin, arbutin, cellobiose, aesculin, galactose, gentiobiose, glucose, glycogen, lactose, maltose, mannose, rhamnose, salicin, starch, trehalose and D-xylose. Acid is not produced from the other substrates in the API 50CH system. The major cellular fatty acids (.5 %) are iso-C 15 : 0 , iso-C 17 : 0 3-OH, iso-C 15 : 0 3-OH, C 16 : 0 3-OH and C 16 : 0 . In addition, C 20 : 4 v6,9,12,15c is found as major fatty acid in some strains. The DNA G+C content is 42.0-42.7 mol%.
The type strain, T (5NBRC 101262 T 5CIP 109100 T ), was isolated from the gut of a Japanese littleneck (Ruditapes philippinarum) collected from Kyonan, Chiba Prefecture, Japan, in 2005. Two other strains, NBRC 101035 and NBRC 101041 isolated from other shellfish species in Japan, are available as reference strains.
